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(57) Abstract 



PROBLEM TO BE SOLVED: To 
improve adhesion to a substratum 
insulating layer and characteristics 
of a ferroelectric film, and prevent 
increase of wiring resistance and 
disconnection, by a method wherein 
constituent material o f the lower 
lay er of a lo wer electrode having an 
upper layer on the ferroelectric film 
side and a lower layer on the 
insulating film side contains material 
to reduce the insulating film, and 
has a thickness in a specified range. 

SOLUTION: A Ti thin film 10 of 
about 0.5- 1. On m in thickness is 
vapordeposited on an Si02 
insulating film 5 formed on a 
substrate, by a vacuum deposition 
equipment in the ultrayacuum state 
of at most 1 X 10-9Torr After that, 
a Pt thin film 1 1 is formed on the Ti 
film 10 without exposing the film 10 
to the outside air. By vapor- 
depositing the Ti thin film 1 0 of 
about monoatomic layer in thickness 
in an ultravacuum state, in the 
above manner, the surface of the 
Si02 insulating film 5 is reduced by 
Ti atoms, and adhe^t^n of the lower 
elect rode 12 to the Si02 insulating 
film 5^is increased. Oxide of material 
constituting the Ti thin film 10 is 
prevented from being formed in the 
Pt thin film 1 1, so that increase of 
electric resistance of the Pt thin 
film 1 1 and disconnection of a fine 
part which are to be caused by 
oxide can be prevented. 
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[0049] It should be noted that, in this embodiment, the thickness of the Ti 
thin film 10 is set as small as 0.5 nm to 1.0 nm (for example, 
approximately 0.5 nm) in comparison with the Ft thin film 11 having a 
thickness of 100 nm to several hundreds nm. Since the lattice constant of 
Ti crystal is 0.47 nm (C axis), the thickness of the Ti thin film 10 is 
equivalent to the single crystal lattice of Ti or the size corresponding 
thereto. 
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mm: s i 5 co^Mi::*^-r^?&«tt$rS 
ifm^m s i 02 5±iz. rmcor i 

10i:±Jlc7)PtfSMlli:*^^>^I.Ta5m«il2. PZTH 

t io±a5ttfiii4*Jjii<ji:a® $n-c?^^§it^^ 

T. T immi0<7)m^ii 0.5nm. P t^)llliOJJ§{4 1 
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mm(D±m t mitmmmc^Tm t^^L. ^ ot®*^' 
msM^wmim7cti>mA'ki!:Pf-i}^'o 0.5— i.onm com 

it^ixx\.^^j:\<^^x'im.m±.\.zwM^ixx\.^h. mm 

B5r3§7crSW1Sf2r#^^*^-:> 0.5— l.Onm cOif ;^^2:^rL 

[if*^io] i&mmmcnrrmi i xio-norriaTos 
t&^mTX'nmBm±.i.zmm-h . i ~ 9 o 

■tz. t ^j:uz±m ^mm-i> . mmmioizMm Ltimm 

mztmLtzm^-nm. 

[00 0 1] 

(ryw^-fsmzmt s t COT'S) s . 



[0002] 

;Uc5D^A'>'N°i^:??r««-r.2)i^#:JKi: UTJi. S i O2 
i; S ia N4 i: S i O2 i:3&>'Jii»:«ii$n^c«itc7)ON 

[0 003 1 L**L. ^(Tio^omfnmmtii^wmM^ 

(i*t>5g^i:/hSv^)ti6. 256Mb 
[00 04] Z.mzn\^X. ^oyx;<^>f M^S«JtM 

<mwmmmt. )}cwmmm^t>-h'm-}:.m>xiz 

[0005] gS^f!|sW15fC7)0*)Pb (Zr, Ti ) O 

3 x^^ft^¥XTm:'!e^'fhfz^\,z\t. mmm^ 
tLxYJu-yj]^m. cvD ('fb^wmfflB&;gffi) , x 

- yji'miz i h mmfiumx-h h , 

[0006] V)v-y)vmi,zx ^^i<zt6\.^x\i. mm 

ub^<r>^^. mfmm.cnwR-ifim^miznt:>fihnm 

[00071 022{i:. tM*<03S^«f4c^lS«f4cO*-r'g. 
aS^^tt^lEffl Lfvr^af^;^ ^ U co p . 16K b' 
•y hFRAM (Ferroelectric Random Access Memory) 

[00 08] H^^cOidtC. PZT^M=if^>'N°i^:J'CA 
P{iV-h'7-OWL±{CS i 02^^5S::frLT?^ 
^^1xX\.^h. PZTjfUlBti. Ti jiMlOAi;Pt?f 
Mlli:*«)i||<5i^«$ix^cT i/P t«|il2Jil2jg^§ix 
Ti>0. -etT. C:cOTi/Pt«fiil2*ih'7-^r^-f 

[00091 mZi\i^=^'}-^)V<r>mmm^^Ltzi:iCr> 

y < -}v\^mm2X'mm^i\.tzm=^wf 

7 r h T R fc A'^'N'i'rJ' C A P t j&>/?>>5:^ ^ ^ U 
-b ;HVI - C E L L T -i^S 1 1 V ^ . 
[00 10] h^yx^r^-'-hTRlctiV^Tti. mt 
\iW Sy-Xffi^3i:N* MH^-<>'^i^4*>'^M!t^!l 

fisscr'-eiimj^^^n, z.ixih>mw»!^^z\±imm^ 

i^4lw{4Si02 ^C0^S5. 6. 7tfOX;l/— 

[00 11] ^■v>'N*>-:?CAP{4X:5' y7Si:S^$ix-& 

-XMi^3{i3>'^':;:' h*-;H5. le^^frLTA 1 lE^ 
8l;J: 0±l35mfiil4{c^^Sii^ . LT. T i lOA/ 
P t ll*»<i53r^Taimfiil2±tzP ZT3*^««!lll3&tX 
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±^m,mmm<mm$tix^-^^'^=^is^ cap ^mmL 

[00 1 23 ^^VN-5/^CAP$r:^^^^5Sli«f*:JKl3 
aO*>Pb (Zr. Ti ) O3 ISA-/i,^-?TV^I>, tfz. 

T&mmmi. t iiiioA<7)±t;ptJiiisr#*L^ct 

«il4{iPt. AuX(ST;W5-'>^^*»4.'5r-:>T»-^|., 
[0 0 13] Z(Dy<^U-tJUM-CEl.COWt:fjm^M 
2A'-'m32lzX-yXmmth . 

[00 14] i-r, mzmxoiiz^ p- mi^vaym^ 

W L $• ^' L T A s N S^I^MI^J CO K - tf > J?' 

:R&-es i 02 ^m5imm'rt, mmcoy-hm^ 
^5a{±±iBSi02 mmst-i^iiz^i,. 
[0016] mz. s i 02 m^m5±iz. m^mom 

izxj^ >y ^mizi. K) mm-t^ . 
[ 0 0 1 7 ] <?:tc. mecDX oiz. p t mmn±(7)±m 

{-HO. *«?200nin iJCOP ZTMl3S:V;l^-^Vl^St: J: 0 

®iiL, ^copzTiiiBcoisa^bcof^a^tc, wmwm% 

[ 0 0 1 8 ] iJllC, ia27cO j; a IC, P Z TKl3±O^H 
tcao-CPt^)S^xyN°>y^&{cJ:0««L/im. ^ct) 
P t^Jl$-yN-^'-->'j/LT±gP«®14?rJ^m-r-S . 

[ 0 0 1 9 ] ^ LT . mz&c^X 0 iz. ±IE<0*D< IZ LX 
SiOa i^iyi5±limJi$it-^v:#lllOA. lU b^t^n- 
^'--ViJ^t. ±gB«IS14. PZTjll3atrFSP«fiil2 

(Pt^miiiT ijiUlOA) *-^>'5rl.^-r>'N°i^^CA 
P5r^^§-ti:So 

[0020] iiCic:, m9cr)X 3 Si O2 *^^>^l>ffi 

mme^it^^^^^mizx o^miztm^-^tt « 

[ 0 0 2 1 ] HBOcT) i a lt«$-li-;^c S i O2 
m^meizMt. V-xmi^S^izay^^^h^^-Jl-K 
±gR«®14±tc«mi6?r-eamx.y^yirt;i: 

[0 0 2 2] ia3l£0j:d{C, ny^:?' h;t^-;H5 

icfcv^-cy-xM^3lcS^-t«.J: ate. HtcS^?Ll6 
fct3V^T±g|5«fill4{Cg?i!-rSi3t. A 1 ^XyN°-y:J' 

x-m^L. ^tit:^-<iS'--yyLXAim^8^mm- 
^Lx. :icoAimM8ff)mmBz. it^^mm, 
«ffiT's i 02 f&mm7i:i^mizmm-th, 
[ 0 0 2 3 ] iJi:{c;, m2cox 0 iz, v~xmm4±izx. 



[0 0 24]af^tC, 3y^'^'b*-;P9*»^>«yi®7 
<oa®±tCA 1 ^mmLX\z'yhy^yBL^m^L. 

[0025] tZ^tfi. ^^^^mii. ±si<r>XolztX 
im^tl^^^mii^^^r^'<i^1^CAPI,Zii. ^(Dimx 

mz-o^^xm^Lfzi^^^. TiyptmzmtLK^^^ 

[ 0 0 2 6 ] IP*>. KSSHmTT 600*CJ.:UicOiaST 
PZT\3^^^thT.mzii\^^X. T i jfl^lOAcf 

i *-'P t^jKiittJtcteiJt. i^cP t^Miitf 
^■^L-CTi i:Pti:*i^t<fflSJ£i5rt?.. ^OJ® 
Pt?illll<7)ifefB«i^{iKSm-?c7)t£iJ[5rfti$il-r^ 

siio*ffiatx^ssE#i*iiwT i mimT i *-^>^ 
-I. wffiii^jn ( T i m\tmt-m.^z^w^j:^-^'mws.^ t 

[0027] Z<r)X 0 {Z. P t^lKll+t-^t/ST i O 

X ^\mvi\mmmiim.x'hhtzib. xi^^ioAtp 
t mmn tizx^ m^^KhT^wmixM v^^zr^ 
-i ywm.(r>mMMmi^< =5: o , ^iitc i -yxmmufi 

y^^ymmmmtL. :i(r>wM<r)mtfip tmmm 

^i&<^iz^ ^tn tiz^s-^tz^^zli, ±ie L^cT i o 

X (Ttm^Lzii^xmm^^'th^m&.ifihh. 

[0028] 1 t^to , TUmmi\,z\iT i 

[002 9] ||lc7)Blii:LT, PtJUKlltSiOj 

mm 5 h M^m>^ifmyxw>^ifi. t i ^jnoAji s 
(r)^}L\t. 'ik<mmzi.->x%j-^^x\ihhifi. <X(r>m 

2<r>m^i}^(^^XT i *<gt>»* Lv^. 
[00 3 01 gp*>, 112 coaii: LT, PZTm^m 

mLmizi5\^x. ptmmncrmmiziMiLtzXoizL 
xmmm^^ti^T i {iPZTi3<o«g^-fb<7)i^o^ 

^^^t LXi^m-t?><7)X'MmX'h^i}K P t ll#StOM 
( T i ^J^^ L) ±tc P Z TMl3SrJg«L^^J#^{c{i:. 

^mmn^^^^^^y^:^^ hmmcr>pzTmm^^ 

[003 1] 

[f6BJ*«)8S^LJ;3i:-r-l.ilS] ±IScO*tff 
{3^;^i.T^$ixfct COT'S) ^-C. j£^ffT^^=S:T i ^Sr 



(4) 1tm^9-223779 



[00 32] 

i:i^titmm(7)Timms i 02 m±tzim^-^^;i 

■^^f-t^-O 0.5~1.0nm (^m^'^^^LX\^h^S^.i^^^r 
^■^>'^{Z^hh<7)Xhh, 

[0034] ^mm. ^mi.f.zm^'rhix. zc^im 
mm(^Tm t±mt ^m-r^WMTh -5 x . iuietji** 
mmMmiMTci-^mAii^^ij^-o o.s^i.onm com 

[0035] ±siLtzm.mmi¥^^^'^i^ 
^&x/xxi±wm't^Lxu:h^i^mii>m^^h 

[0036] :$:^mii±ti. mMmm(r>Tmi: 1 xio-9 
iorrWT<7)mm?^w^TX'mmm±izmm't^. ±ieL 

[00 37] 

^izm^x. mir^mm(r>TmtiK mimmmizMi- 
[ 0 0 3 8 ] ap-^, mirmwm<7)Tmt-^:!^>xi±r 

[00391 tfz. ^^mizm-^<^mmii^^-r^'<i-^ 
izi5\,^x. mirssmmcormcommtmt^mMmzm 
^t^tix\. ^=3:v ^^mx'mtm±izmm^ tix^^^^tti^ 

[ 0 0 4 0 ] ^fc. *^BBtca-Cf<3SiSm<*:^^yN°$/^ 

[0041] ^%m^zmn<wm\,zi5\^x . KrieTS*^' 

[00421 3js:|6BjfcS^< ^f^Sti. 

"eot Lxm^-ttz t i3<X't h , 



[00431 ttz. ^%mzm-:i<mm)Tm\>zi6^vz. 
m^Tm^m^Lfz^. :^izm'rzt^j:\.\,zmi±M 

[0 044] ±fz. 2|s:^BJtcS^<i5[3g^r^fc*5V^T, 
[0045] 

[0046] t-r. m. ai^HlcOIl-IIISPrffiHT' 

&-s>ia2ic-pv^r, mi<^^0iJtcJ:-&pzT^M^^r 

•7 i!' R AM ^tSBSWlCiiBJ-r-S. , 
[0047] dcOxVN'-f X44t;i3V^T«i, :5fetCiKHJL7t 

1 ±tc^J;i My -x^i^ 3 i: M K l^-f 

4t^Mmtm.x'^ti^rLm^^ti. :Lti(>Mmmnz 
iiwm 5 i,zmWL^tirzv- k ^ >f ywLti<mf(^ti. 

Kl^^ vS1^4K(irj:^^^'bj^— ;P9Srjl-oTt'«y h 

[0048] ^A'>'\-i^^'CAP{±X^>y^ai:^§ixS 

TsscoT immiot±M<r>p tmmntt^i^^^T 
^mmu ( v^^^^^ywm) . PZTffii3S.t/±g|5 

[00491 c: cO^ljraa-r^i t ti, lOOnm-StlO 
Onm lfc7)P t^lglltcStL, T i ?SI^10<?5»S 0.5nm 
—l.Onm (0SJi.(f O.SnmmS) t@*^T^< 
tX'hh, T i <7)^a£7)Jg^^(i0.47nni ( cW) T'S> 

[00 50 ] ^^>'N°>'^'CAP{iS i O2 <^^S6T' 
mhixxa^. IMmmmA l iBII8ici O^y:?^ 
hTjt— ;H5. 16Sr3i-3-Cy— X®i^3tS^§it, ^iO 

iEiia^-^tf^^>'N°i^^'CAP±{is i 02 (Timmmi^z 

[005 1]ia5{i:. lt'«y h3)-c7)^^:U-fe;HSjt$-^ 
LTfcO. 2M<0MOSb^>'i^'X:J'TRi: 2fflC0PZ 
TltH^-r^N-i/^CAPfc-C-li^^ixTv^^,, ±iBt/:: 
0 Hi:::<7)— :fir<0MO s h ^yi^'x^'TRi: p 

=^f ^>'^°J^:^' C A P i0^iit5r^-r t OT'ib^ . 
[0052 1ia3{i. ll5tciJ{t'S^^U-fe;K0BfH« 
it (-:^«7)b'-/h7-f ytS^Bg) Sr^L. 
LtzmA<n^mmi>z$i»h in-m l8BfH0T'$>l., 

[0053 1 06. mi\.zi:'yXTwmm2(m 

[0054] ^-r, 06ics^-r i a t:. ^g^-fba^-fL!^ 
( c VD ) m\,zi, 0 , ( ias^8&) ± 

ic?g«§n;ts i imm5<r>±.\.z. t ijsmo^J? 
$ 0. 5nmmz%^mm ( x^n- •/ 9 v yymxi, i. 
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i)<imf^<^nmmmizi:^xmit^ti^j:^^xdiz. ix 

10- norrJjATt^lS^I. ^ A^'MST'S) S , 
[ 0 0 5 5 ] Mtc. ±fBOj: a t UTT i ^HlOSrJ^^ 

[0 0 56] :i(DXdizLxm^LrzPtmmnit. r 
i mmiocD^izx omtm 5 ^zm-^^miiizf^ti. 
]:m<r)xmizi5ifhmm'^^'^^-~y^TMizi5\^x 

T'rSmJ'hfiO^^JilcJ^L-Ct^^L-CV^-S., miz^ Tim 
HlOti 0.5nmi;fiijfT-fc-g>f^i6. <^i:c7) ( 1 ) , (2) iZ 

[0 0 57] ( 1 ) Ti{iS!fgt£7)iKft:>3*«fiii6T3fiV% 
<7)X\ TimmiOii. Si02 i^«5fc<7)^ffiti3V» 

TSiOj ^mjt-^hfz)^. pt-si02 mii^mm 
±cr>m'^i,zjS:<^->x^<Dmmitti-mi>z^h. 

[00 58] (2) ZCOm. T i^i^im^LXT iO 
X t^tiK Ti^)^10{iJ|E$** 0.5nmi:ei*^T/jN$ 

i^t=p t^MiofftcT i i}mm-hmimmmz^j:< . 

TiOx to^faUiP tift'^t^v^. pt^ 
[ 0 0 5 9 ] ^ii. p tmncommiiZT i Ox ^5Sc*^t 

X^N--y ^'•^{f. ^tL^l^t LT-?-<7)P t±{C?g^$iX 

^ffmmmti^ . m^<r>T i/pt mL\.zm^ Ltz p z 

[ 0 0 6 0 ] ID*>. P t^iillilcT i O2 ^-Y v V 
^m^^tzKPXn-y ^ U yymiZS: 0Mi¥0.01~10nm 

(^U{f 2nin) iOTi Ox Sr 0.5~500nm CO:^^;^^® 
-C*t«$-frl.ii:tcJ:D. K-fb^^^ (TiOx ) Sr^S 
L :/tr P t mflill i: L . coilcV/U - yVPffitc J: o 
TPZTJ113€:?^^-rSfc. PtMJiOTiOx iiPZ 

Ti^^nit(r>m^n^t LX^m-t^tzi^. :icr>PZTmi 

Ox |^#{t{COV^T{i. 2ts:aiiaA*«!^liT7-4 7 86 

LXmz^mLtz, 
[0061] iXiz. ±ieL/^IISfefi^UcJ;5^^ 'j-feynw 

-c E \^(r>m&)imims^m\s\,zx ^mmt^tiK si 
X. ^mmmhmm\tm^zm^j:h)^^^-L-izmm't 

[0062] ^-r. 0 tC, -fk^£l<jmffi«:^^C 

<7)^J15±t 1 xlO-9TorrJilTO@KS*t®c7)*^ 



itw^OOnm HOP t jfMllSrJ^fe-tS. 

[0063] ccoj; a i,z. siLm.=f-mw^<r>T i 

jS^^^^TT-mm^ -Its ^ i: i 0 . S i O2 ^« 
5cO^B3&>'Tii!S^l:iioTjl7C$ix. Tg|5mffil2c0S 

i02 ^m5\.zm-i>mmm^-mi^^tih. 

[0 0 64] <Ji:lC. ll9cOJ:otC. PZTlKl3$ry;P- 
[0065] fiP*>, Ta5«fii$:#i6^BlCXtr>^a-h 

^m^Ltztk. m^^7)iag(ioo~3oo ^c. ivo 
'O xmui3'!^mm.L. m^Ltzmm<7)^m:'ij 

[ 0 0 6 6 ] <J:v%T\ laiSr^T L/cSMSr 480"CT'M 

iS^B*^'^-r-i.4ajs(6oo'cjiUi, mm fm°c) xmz. 

{flO^SMM (K^b^iS) L. 3^^*11 ( PZT) 13 
[0067] 'Srfc. P ZTM13$-fi^^c7)|Uf (01J;t(f2O 

00 A) i,zm^'thf,z\t^ •smizm^i-xisi.com^jLnh 
m^nt^iMt^mmL. -mz^&^h^hm. 
^m\,z^^cr>x'\i^j:< . ^m^ii'mmLxm.mmm.^n 
hztt)<x'^i,. 

[0 0 68] ;i(r>p ZTmxicoMmziswx ^ m&<r)JL 

ux'Tinm.oi)<mM'^msr^x'^u=?'mmm<r> 0.5 

nmlStCiSft i^>ix-C V ^-S C: i: J: 0 . P Z TM13<7)^X 
gtcfcV^T BiflBL^vrJ: dtcP t^Kllf^lcT i Ox 
^ttJfeti^B^L^rV^, fiP*>. PZTJ113OMfec0|^t. 

T i mmtmbxn< x^<r>T i Mi=^«^-"'5ri^^cy>t 

P t^MllcOi^B^Bfe^SriioTT i S^^*<fi£IJrr-S ^ 

*«T-#-r. p t mmm^zm&Ltzta^mwsximtim 

«ffii2{4s i 02 mkm5f,znL-^^^j:mm:hi^'ti: 

[0069] Siocoi d fc. ismt mm(rynm\.z 
cfc 0 p zTjii3±i3P t \.zi ^biMmu^mm-h . 
[0 0 70] <*:tc. m\\<r>i.ot.z. vmhnm<^y* h 

V y 7 -f imizi 0 P Z TUB. Tg?«fiil2S:x ./ 
i-yi^LX^^y-<i^^CAPi:m^-ti>, 

[0071] mz. m\2<7)X o iz. mMt mm<7)ijmi,z 
iosioz tmmei^Mzmm^'^^. 
[0072] <xiz. mi3<r>x o iz. m^t mm^^yrmiz 

[00731 HKiz. mucDXdiz. m^tmm(7)if^iz 
i 0 . y-x^^3 aix±gi5«figi4ics-^-rs A 1 Bs^ 

S^JB^f^tCS i O2 ^®7$r^ffitJg«-r.5, 

[0074] <js:i;, mi5<7)x o iz. mkt mm(^:fTmi>z 

i 0 HL^-f ^'«i^4±tx;^-rf^-;^9$:Je^•ri.. 
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[ 0 0 7 5 ] E16C0J: o tc. xyl'-^-yUQ fcpij 
[0076] liLhOj: 0t3LTf^Lf^TgP««S12{i. 

si02 immsiz^i-^TimmioirmMtii^K 

M^oT 0.5~1.0nni LTV^^ tctl<ij4>-r. S 

iOa mtmsbc^^mmzm.. *»oTgp«®«7)®tjt 

COT i Ox iowm*^'. ^mmmizxtnm:ii^^j:\>^:ik 
izx h iycox'h^ . :i(7)mmii.<k(7)mm.m^t^i^mm^ 

[ 0 0 7 7 ] fiP*> , T i j5Mc7)MiiS:M-r-S S W^C. 

s m±i>zm^<nm^^T imm o.snm. 

l.Onm. 2.0nm. 5.0nm) $-Jg{£Lfcf^. lOOnmcO 

p tmmi:m^L. m^mm^fp-c soo'ccnimx- 1 

[0078] Cico^m. T i WmcommiJ^ 0.5nm ( T i 
i7)1t^^(i0.47nm) cOi^Tt. PtflKaBT'Ti 

^llcOSW^HcOff^Ji:. 0.5nmT'S)-g.i:Wx-&, L 
S i Oj 0.5niD<7)T i^Ji, KC^£7)±{C lOOnmCO 

[0079] ^COT i mmi. T i #^^*&^^C0JP$ 
(iP*>c«I<Of&^^^{C:iffl^ 0.5nm) mmiJK l^Lfz 

TiOx <optii>4ic7)wai^i5e±-r-i.±-ci?iitv^<7)-c 

[0080] ia±. mmLfzXo iz. s i 02 miznt 
xwm^com^^p tm^(r>mmiti-mib^fzMzT§^m 
mcormmt lt^^jp^stt i mm±. o izmio 
nmcr,f^mTim-t ^'x . p t ?sii(*i(cT i enMim^m 

^mmmizxtiii. siOj m±i,zmm=FW^(o.5n 
m) xi±;ititmm<7)T immmm-i^^ti^m»bxm 
\'mMmmrx'im^'t. mizzixtri^izm-tzii 
^j:<z(7)±izptmm^m^^^thztizxK>. ptm 
^mzT i mmifimm^. l*^<> s i 02 mizm- 
tpt mmcD^^^mm-mmmmx'h^ . 

[008 1]=5:t3. PZTMDcoJB^Mlw. Ptllll± 
tcl^i: ttTT i Ox ^xyN--y^'ffi^T'*t»$-ti:T±5< 
ClcOTiOx t1^WtL-^v:Pt±{c?g«L^v:PZT 



[0082] p t ±<?)T i Ox mi^mmiim 

S 0.5~500nm T'<bO. 5~200niiiAi||i LV^*\ Ti 

Ox cr>nm^h^K>^h^<xh±^<xi:>. mmf(r>^ 

mz^L<^j:h, tfz. TiOx cOMffJijim 01-10 
nmTS)'?. 0.5~5nm*U< . 1.5~2.5nin Af|E(3j:V> 

ht'ommtm^^'^iimmf<7)^mz^L<. m 
[0083] ±ie t-^cm 1 <^mmiz}nfi,^mmiii^ 

A-^ ^ C A P iOTg|5««gl2<OTgPm«i<7)^JS{4 . 022 

^z^.LfzU5\kcr>^^i^mm±.<omM. Fij;t{ft'-y h^-r 

yBLlCt^fflf iai8~02O{4. ZCO 

i^^h'>y h^-f >BL (M«sWtc{4. nyiJ'^hgCB 

L auii'h<^iE^gi5^B L b ) Lfzm 2 c^mmm^ 

[0 084] fiP*>. :i(r>mmm\.zi6\^x\t. Ji^L^vrm 
1 collMfiait:t3tt§TgB«fiil2cOfillJgfi!tt:J3tt-S t m 

iai8tc:^-r J: a tc. si02 imm7±.\,zm. 

M^W^TXm^ 0.5nm— l.Onm . mtU 0.5nmS^c7) 
[0085] mz^ m\9<r)i: of<Z^ T i ^M18±tC 100 

xmsmL<\i^ixmL(r>ptmm9^mMLxi)-t^. m 
fSMis. \.9i^^'?-=.yyLx\i')>v^^yi:mm- 

c7)||M0iJ<OTgB««S12/P ZTSBlcfctt-S 1 15|«<7)^ 

[0086] ^<m\\,zXix{i. b' -y h 5 ^ >C0T/llCT 
i mm?>^m^^tl<7)X. ^z yVv-i ^B Lt:tjV^T+^ 

[0087] :i(rmm(r>m^. ^^m^umzmm l 

fz i> cr>xh t UK WlMcr>mm^i>zm\' ^{i^cDf^coigt: 

}s\>^xi}imi^d zta^h^fzib^ TmcoT i m*^^^ 

B3tc:S-:JV^T 0.5-1. Onm t^l,zLX\^^:itl,Zj:'y 

X. ^miziert^mm:fjtH-mz^h±i>z. ±mx'(D 
TiOx <7)$fai*''^<. 'eo#«tt?r+^ic«fei#-ri.c: 

[0088] ia2H4. 3 <r>mii^mi,zx h 
■t^^y^RAyi(nmucn^mmx'h->x. ^^^-^i^^c 
APat^-b'y h^-f y^z}MLtz^%mzm-:s<mm^ 
mmLtzm^<r)mxhh. 

[0089] m^<r>m < . ^<7)mmmim i x-mm ttz 

-)\^9<7)mmi,zii7ti*ji^u^y^m^'>x\L y h^^ ys 

L5:3>^'^'hgi5iJ-BLa^i5(t. mz. }zyh^^y 
±gS B L b IC{4 0. 5nmff<7)T i jfiilS t . Z. COJilC 100 

mmxii-ttdiUL(r)P tmm9t^mmLx\z-y h^s 

yBLt:mfS.LX\^^. 

[009 0] ZComMMiiZXtili. ^-^'^^°>';J'CAPO 
T^m^fzifX-^K . b'-y h ^-f y±^B L atCiSV^T 
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-yxt. p t ?siii9i*iT<oT i Mim<Dmth'mkii'^m:i 

(.Htm.. ±fB<7)ll2«0||Jfefi?<JTt>|5l«) . 

[0091] H(r)mmmf,zto\^x{>. ±M<r)m i ohm 

iz)5if^Mn^j:mmmzMx.X. t-y h yBUzis 

[0092] ijLh. :^^m<^mmmi>z-:>\,^xmmLti 
mi>zMz.&zti}^x'^^. 

[ 0 0 9 3 ] 0yxtf. ±^c^m'<^fflt:^cT;i«^Sfi: L 

TTi ic:-ft;iT, si02 w.mmtp tmtcomizmt 

< ii7£f^ffl*^'lia6T3i V ^r;P S A ( A i ) ( t^^^ 
|gC0.405nm) $:ffl>,^T i m^CO^ifiWmX'^ S . ^ 
^(4S i02 J3l-c^^ilt:^LTt*^-C^>i., 

[ 0 0 9 4 ] , p t mmizmM'itmzmtifi i r . 

Ru, Pd, Ag, Au^tiSiOj Jl i: 

[0095] ±l20SIMC?lJli: . >^ S<05^i^f*:=^f 
■^^^i^:!'iz:^mi^mmLfzi><7)X'hhifi. :^mmi. 

h uy^m<r>^mmi^^^^'<i^i$'izi>mmizmmx^ 

[ 0 0 9 6 ] :^^mizm-:^<^^J^i^iS^li. V- 
Vy-^ yWl.±lZ^^y^i^^imS^tlX\^^cr)X\ M 

m&<^\^±izm\X'i±h^tf^. ztuzmi^-t. mm 
i^3±ic^-^>'N's^^'3&iffia§ixT v^^ ^ ric taffl-c 

[0097] ^^r^^N'i^rJ'&tflB^Srm-rS^vri^xOWW 
t«^t^^i.-CJ:Vn 3Si^f<s|HS{4. PZT 

[0098] Kt. *l%Ha{=S-:f<i^{4. df^^N'i^^' 

[0099] 

^rL. *^-50.5raii~1.0nm <7)mMzm^^ixX\<^i>cri 

x\ :i<^Tm^mm-hmAifiymmiwtLxwm 
t(r>i^m^i-m^hh^\<z. mzrmimm-im-\<r> 
mim-bmsij^mz^-thH t tim±^ti. z cok 

i)mmmzm:i h-r. ^s? ^««tt$rii«-r -s. c t *«-c 



[^<?)©m=5:iJiHJ] 

CH 1 ] ^Wmm, 1 <7)|l5g0>Jl:: J: -SSfii^filsdf ^^N-i^ 
S:ffl^Ji^^vf r-f * >/ ^ R A McT)^ * U -fe/WiO^gS 

[021 mi<^u-\mm^xhh, 
[03 ] -itcT)^^ u -b/^$■ffl^^la^i^il5I^5^-f :^ 5 >y 
KAU(rmui^'m.±mmm (ii4<^ iii-m isBf 
Ma) -ej)!), 

[04] |«I^>f^S>y^'RAMC7)Sa5^M0T'^bS. 

[ 0 5 ] ^ U 1 h' -y h ^i-C7)^I5]g§0-C^) 

[06] ll§SIII«#cdf-r^N-i^^<7)Tg|5Bfii0^tCt3{t 
tW, 1 Xg^S^-rSgPOifc*cBfM0T'S>S , 

[07] mTmmm<r>^\,ziin^f^2JM^^'mu 

:;*cllTH0-e^>l., 

[09 ] |S|^^: U ^i)Vcr)'^-)5m(r>mr>-'TMWm^^ 

•tmMmmx'hh. 

[010] ll><^:U-fe;K^S3g*«<7)fl6<0-'XgSPgSr^ 
[0111 y-fe;P«0i?jt*ft<0fl6<0— xmSFgSr^ 
[012] |5|;'<^ U-feyl-coSJg^ftCDflfecT)— XgSPgSrS^ 

•tn^mmxhh. 
-tmmmmx'hh. 

[015] |Bl^^ u-fe;KOSit:tr&(Oflfeo— xmS^Sr^ 
■m:*:|iffB0-CS)-S.. 

[016] |5l^ ^: u -fe/l^c7)Mit^r&c7)5gl::fi!io— X^g© 

[017] |Hl^tU-t/Ucfc{t«.Ta5«® ( S i/S i O 
2(200nm)/'T i (0.5nm) P t (lOOnm) <0li5t) <7imm^ 

m^-i^:cm^'!^myyyx'hh. 

[018] *^BBOlg2c7)||Sfefl?iKcJ:|,iEia<r,^<omi 

xg$-5^-rsa5ojfc^BifH0-efc -s. , 

[019] |a|iBM<7)^c7)||2XgSrS^-r^S|5cr)fe^BrBS 
0-C'?>S, 

[0201 |p|iEMlS:t'-y yi; LTffl;^3i^Ai^^ :^ 
5 «y :7 RAMCT)^^ U -b:^H7)ggPSr^-r*fc'cBrffi0T'& 

[021] :^^m<7)m3<7)mmmi,zj:^mmmi^^-v^'<i^ 

[0221 m.%<r>y^^^ •y^'RAM«7)^^>J^r/Pc7)S^ 

[ 0231 11^ u "^jvcrmu^^-tw^^mmxh ^ . 
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[1124] mmmmi^^^^^>'^i:m^TkA.tf^^ ^ 


0T'&S 


o 




[^^-^c^UiBJ] 




1 • • • 




[ 1125 ] [31^ t •fe;pcolS)i:^<7)-xgiaPg$:^-rJ£ 


3 • • • 




;*:BrffillT'fcl.. 


4 • • • 


N* MHW-^ yMi^ 


C 026 1 IrI^ ^ U •fe;UcoSjg:frfficofl!!cO-X@©|ii $r5^ 


5. 6. 


7 • • • S i O2 




8 • • • 


A liEU 


[ 027 ] PI^ ^: y ■fe;WcOi8jt:^cOfli!C7)-I@g|^ 5:5^ 


9. 15. 


16 • • 3^:?:?' h^fv— 


■rfi£;klfrWllT'S>S, 


10. 18 • 


• • T iJi 


[ 028 ] PI^ ^ U -fe;U<:Oi8jt:^r^c7)ft!lO-X^SIi& S:^ 


11, 19 • 


■ ■ ptm 




12- • ■ 


T i/PtTgi5«fii 


[029] lllpf ^ y -b;^^3DSJt:^^&^7)flilO-X^g|it2:S^ 


13 • • 


P ZTJi 


-rjfc»;BrW0T'S>S. 


14- • • 




[ 030 1 ^ U -fc:;K7)^:fir^c^fli!(7)— x^aPi SrS^ 


17 - • • 


T i Ox mtam 




BL ■ ■ 




[ 031 1 |aip< * U -b;P£7)^:tracofl!i<7)-xmaii|f S-^ 


BLa • 






BLb ■ 




[ 032 1 |i|p< ^ u -fe;i.osjt:^raiostcfi&o-x^api 


WL • • 






CAP • 




[033] |iI^^y-fe;K^)3SP«f*:^A'>'N°i^:J'coTI»m«S 


TR - ■ 






M-CEL • • • ^^'^i'KDV 
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